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umm i ] mmsmt Lx^±mjcmzwntmzM 

»U2-10fl%, MgAl 2 04 XW/t/^2- 

iwm.%, mm^m*!-! owm.%, n, zr, 

Hf, W, Mo, Ta, Nb&XX/C r 0 

anf?£tift^&< k «> im*mtmtz&XLx 5«*% 

9 0 0 M P a£Lh"C* 0 . Wtftimmtf 6 . 3 MP a ■ 
mi/2 J^Tft*a^ftV^**Bt*36>6j«*it*«P 

[it*ii2 ] trnmrnt Lx^mjtmzwHtmizm 

fU2-10fl%, iWfc^^^A* l-2fli 
-10ff%, Ti, Zr, Hf, W, Mo, Ta, N 

fciWfcfttdlt* t X 5 9*%&T4sH L , «?L*# 1 % 
JfiTFC* 0 . 3 jSft(f3ME3&* 9 0 0 M P a ELhT* "3 , 

WBBtttt^e . 3 mp a ■ mi / 2 vj,±x~$>hmim 

ffitt^W. 20 

i. <mk\mcomcD&±ms 5 v mjarrc* ft z. t £ mm. 
k-r&mnL 1 1 tz u 2 f&aos^fti ^xmnEtts 

Wo 

4 WMWffOWW&e* 1 2 m JilTT'Jb & £ k £ ftS 

k i»R>i 1 ± fc(± 2 i&aoa^m 4o»»ei&£S 

J*ffi14gtfttO±ffi fct&g UcEg4 0mm CDfljt± fcfi 30 

. 3 5 mmtfeS 3ffl<7)SU J 2»f£ffi|ga&£gE 
HL, ;^teSWW3^tc3 9. 2MPaO^S^EpjDL/'i 
imXtMimm. l 2 0 0 r P mO^f+T-CIIISz;^*: k S 

■c* si^^i! k -r ft it mw itfzi±2 imcommm 
[ mtm 6 ] urESMWtv ^mmmnssmmtf 2 0 

0 M P a ULhTft *) , i OS-fcttV & & ft H 

*#6ttgB«*> 6 9. 3 5mmt*4 3 flac04£16^ 40 

-tu^mmth-ij. s u j 2Kn«o±H^ias Lfc 

Eg4 0mmc7)mit±^±fB3fflC0tel6#-;l'^Ea 

«t 3 fciffiataaintfc^wcimaft 1 2 0 0 r P 

ipei&#-/i^*tffi«si-t ft 4 T<oi#iarnais ti& 

ft if mw 1 4 fcii 2 miowimmmt o 
cif^ii7] iHfsi. 5«*%kt, amm.rn.im 

V 9 0 «*%J2Lh*W L- . 1 - 0 mJJJl 50 
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2-10fi%, MgAl 2 0 4 Xh^;l/^2-7fl 
%, KfllttVi** 1~ 79*%, Ti, Hf , Zr, 
W, Mo, Ta, Nb, C rj&^&ftpj; OSBR^ilft 
*J«3r< k fc 1 5«*%OT^JPt 

tzmMMizfaZfmLXfmmzmM l . # ^n^^ 

i k SrWmk-f-ftS-fbftv^KW^'ligEW^MjS^r 

So 

[If ^118] BE3R^1. 5MM:%ar. aWSSmf 
V«5 9 0 ®*%iil±#* L , 1 ■ 0 ju mVJ. 

2-10fll%, !MfcV^^Atl~2K»%, SE 

S% , Ti, Hf, Zr, W, Mo, Ta, Nb, Cr 

i 6 o o-cjarrasffiirt-ft - 1 imwib-tzmmf^m 

3 OMP aJSLh^R-ffcttSJEHSttfi-caKl 6 0 0*C£l 
TT«f?7f<J±r (HIP) Ma^HJfif-ft £ k * 
^flt k -f ft If^JS 7 4 fcli 8f ES^S-ftttv 

[0001] 

k-rft»m^ttSU«fej;^^jS^rSfc«0. Wfcl 
6 0 OX^aT<OKaK"Cj!WSLfc*^fc:tiV^Tt», 
coMbftv^Mfefrk BK9E£Lhtf5«»$ kS-ftft^^M 

[0002] 

-a i -o-Nm^%mmm (mm) *£mz-±. 
'imfezmm-tt tm^mt-t ft tzMzmuz tix^t. 
[0003] mM^>mim^mmmmmim^mmm 

L. S6flfel«J^**«iajF*fifflLT 1 7 0 0-19 
0 0 iCSKcoKil-Cflr ®^iaaft(K-r ft A7^T*g $ ttT 

^fto 

[0004] 

[fS^m^Lidk-f-ftiljH] L^L^fe. _bta^ 
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mcommumzm^xa. mmi&mn 700-190 

k t> te*fttt**ffi~P*-4 BMBjft*** ~? ft . 

[0005] 4ft, ±Mm%ijmzj:-?Twmziitzm 

[0 0 0 6] *f«fi#!JM?fc LT^Mr^S >y? 

^tmoms^iiHni LTfc 0 , i « «t o %mmzto v 

x<nms&. WfAttfcffiJRISSBtti: v^dttKt kit: 
[00 07] U&»Ufin&*£>, WS&iffflEllPtf-A'fc-fe 

757 ^xiw«fHsircift«Lfc*&, naw?-^ 20 

ajp B l03Stet i 0 WJW§ttiI«<oftiii36*iWILfe 0 , S'J 
ix££tTL4oft#), WS££l*Lft1S#&telSi&£!fe 

[0008] #»ih(±he<z> ± a ^mmmm^znwtth 

tzWz^tifztcDTfo 9 , Wt 1 6 0 oriXFOffiS 
[00 09] 

[ mm tmmt* t&xrmk ] *^j£t ii±ts @ « £3* 

[0010] **>8Si, 8ttB*SMtttv^*IBPHB5tst=« 
±»fc»L M g a 1 2 O4 xtr^ifcUMfl;^* 

i, Hf, Zr, W, Mo, Ta, Nb, Cr*'«l, 
6 0 0 T^T«0ffiiftflrC*BS Lft t S fc: , $ 6 t3££EI& 

L^fit^^frT'i^p B if?7j<j±7vx ( h i p ) mm 50 
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Lft t s t , flawsHtw-t- fc R^jyjitfaaw 

a-ftttv c>ixizt mm l tz . 

[ooii] ^mmtiimmzm^x^^titzh 

<nx*>h. 

[0012] r&fcfc, *frafc«4Sflw*«w* 

U2-10fl%, MgAh 04Xh'i;l/^2-7 
Iftm«^l-10fl%, Ti, Zr, H 
f , W, Mo, Ta, NbtJiUfCr^^SSfiOiS 

T** L , l %J31TT* 0 . 3 jSfttfSfifll** 9 

0 0 M P a,VXtXh *) , Wc^S'ffiffl^' 6 . 3 M P a ■ m 

[0013] ifcJJBJSawft^fc LT^M g A 1 2 0 4 
tC^mLT2~10MM%, K-ft^^v-^A^l— 2 

K-ftr;i^5-^A^2~5«»%, Kftttv* 

Srl — 10HS%, Ti, Zr, Hf, W, Mo, T 
a, NbfeJ:l^Cr*»6i:*»J:0aH53fi.&il«Sr<i: 

i>\n*wimizm%LX5wm.%£xris^L, maim 

& 1 %lilTT"S) 0 , 3 fiftif ^t^* 1 ' 9 0 0 M P a fiLtC 
UEWatttt^e . 3MP a ■ mi / 2 £ltXfch 

[0014] s ^t, jjeafttt^*«ww§ttawffc: 

fW/f«0liI<7)ft^;ffi^'5 AtmOTT^I. >! htm t LV\ 

[ooi6] a{ttt^*sm6**«Btf * , m 

tf fc tft^^te^' 0 Wtt**fiT LX L£ 5« ^cryfz 

[ o o 1 7 ] 4^, ±EBJW§tt»tf*fl!iR-r4afi:(t 

^>SM(BS*WHjSfttf3MEIi 9 0 0 M P aIil±fS) 0 , 
Sg*Httffi«6. 3MPa ■ mi / 2 fiLtfc&s. I« 

ft KS4 0 mm^fljlitlgfl^' 9.35 raratft & 3 
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9 . 2 m p a coffimz mu l tzw§remwtL 1 2 O O r 
s^ttsuwo^H**i!i«rr ft 4 EHEsrcsai § tl ft 

P^'lx 1 O 7 0Ja_h"Cft«WJWgttaiItfi:'t 
[0 0 1 8] S fete. ±IBM^ftV«Mfe*Offl3i3SJffi 

**2 0 omp a&.±T$) *) , zcom-fm^mmmm^ 

=5r & It J*f&f*3Wf *» 6 BS* 1 9 . 3 5 m mfSb & 3 H<?D 
$g»#^£«rft-;tr\ S U J 2 WWK^JJStlift 

je Lfceg4 o m mcomM±.i>z±m 3 ncotets^-^s- 10 
mm-th x 0 tcfia^fflia LfcftjnrcEiE* 1200 

WiESffcttV**if8SfWiT i , H f , Zr, W, M 
o, Ta, Nb, CrfpbKk&mXVXRZtl&'JrKkK 
b fc 1 l^Mftt«ILt 5KS%iilT^*t-ft . 20 
[ 0 0 2 0 ] «M^m^3BffitS**»fe*4if 
WHtaWtfE* 1 0 ttSftSWfCfc ft b § K . *§rKflfcfi 

too2i] &ttmsmz{&&mim\mwmimm&%5 

ft l mi 9 0 M*%ISLh#* L , f«i>' 1 . 0 ju m 

T2-10fl%, MgAl2 0 4 Xb^M2-7I 
*%, KfWt^*£l~7K*%, Ti, Hf, Zr, 30 
W, Mo, Ta, Nb, C r #>£>3r£Sf ± *) iHiR£ ftft 

#*#»fi;tt#ffl»*TiiK 1 6 o o'c&rxm^i> 

Zb£WMb^Z>« 

[00 22] JJEWfiSScfctiVvc. ±K«aniS*fc L 

TMgA 1 2 o 4 xf^oftot. m\\L-?y^^ 

£1. 5H*%JiTr\ «fflS[fflfl:(-n**£9 0«*%J2[ 
L , Y^KS* 1 1.0// mJaT<0S{fc(tV *B* 
fc, #±^7n«^^»cmffLT2-l 0«S%, ®§ 

-5«*%, UHfc(tt**£l~7**%, Ti, Hf , 
Zr, W, Mo, Ta, Nb, C rj&^&SEM: 

tzfmfa&m-fk&mmm^ximi 6 o o*cErpc« 

M-$-&Zb1tW&b~th* 50 
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[0023] fl9ijswn**w*tdtf 

U 3 0 M P a CLh^^NKftttStHSlttiT 1 6 0 0 

T^ajr^RHtt^Eru^ (hip) Ma^siitt-ft 

[0024] JMEe^riSCiWf. ff»l±^tt£fll 

-ftrBu, Mg A l 2 o 4 xh^vbA^yflMiv^^A 
fclWfcT/l^S-^fc^a^*, KflHtV*. Ti, H 
f , Zrif^-^ftSiRtobT^Sfcib. MgAl 2 O 
4 xt°*;b#'SKIM -y b i;^*if^fcaHlMl3Blfcft 

TMSMMi: ItltbL, 1 6 0 OgmTVffi&XW 

w±-ri mmzm trnm^ mm^<mmm&^wm 

[0025] tfzmtwmzmnzm.^fr&t. mit 

t i , h f , z r^bcnit^-mm±mmmmcnm^ 
immb Lxcommi flaw-* 1 1 sicfcH* 

ElTCft "3 , $ fefcliB<0 5 P%e* I 2 MmPXrbffiMtz 
% 0 . S^MfLM^'O . 4 « m£[-pc* 0 . Mil*^ 
1 . 0 %IilT. =&mtf&B& s m&C9 0 0 M P aJiLL 
Tafe 0 , W$fflVM& 6- 3MPa-mi/2 Ja_fc* 

0 , Emkm&2 0 0 mp ^j.±.<nmwmmmzmitz 

[0026] *fMB36rat=*sv^TflefflSn, WSEfgftgp 
«*Sfiic-f-ftait(t^*M^#:^±^i:^ftSlt}t^ 
««*J:Ltlt mtt. fttfgSlK. «««M£«iE*sJ;t> f 

T. Sf4t<(i0. 7 — 1. SHmXVlbhafflSSfc 
lf^m£9 0MML%M.k. ffiL<IJ9 2-9 7fi% 

~0.8^ mgg<^ffl2rSMt^*»*£ ffiffl^S i 

[ 0 0 2 7 ] ffi-ffc(tt^*Kfi«5fefc LTIiaffll 

^ft„ L^ftt, *fftWfctiV^TIia^]S¥H»5Rtl 
6 0 0°ClilT«SKT'«LTa^ft^*^|S#;t L 

t v ^ft , « fflM i: >Q mm?mmn mmgm.Ttfim 
ys ffls*tiWKa^r ft i 1 1 <t ^t, nae^ffl-^wisf 
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(TTCfo & . 

[0028] ^mfsmtzawz, ammmmf^mm 

i:, 9 7«*%*T<0«Hfc-r*. Jf4 L<{±9 2-9 

[00 29] ^<^)tS*» fflflUtv^ffilSroPHB**: t 
•Cli, fiHStt, SiHmK, iR^fSttffl, lfc&f5*Hlr*# 10 
Jt LT , 1 . 7 «*%KTF , MtLKit 

0. 7-1. 5 "5, afflSfiHfcfrtt***9 0 

«*%J2Lt*fir L . ^J&Bfitf 1 . 0 ju mfilT, #4 L 
<li0. 4-0. 8^m^O»^M^(tU*^& 

[00 30] ftfc Wftg# 0.7// mjaT^fiMB^rJS 

1 . 0 %ErR0«a?2:SaSfl: £7»aWN& £ b 

±9#*fc»t*rc&&. 20 

[00 3 1 ] 4fc*SHBt«4WWittaBf 

Ik* 11 ? 3WW*fiTr4. #4L<tt4. OWM 

[00 32]^, ±IBO i 5 fcS3&$-S r«|gft:^ 
£*£«*%T*Lfc«>«0T*£. Lfc^T, 18*** 30 

mm^mmm*izikMMim*?Mmmm tits 

[00 33] § 4> fc*^fc«sif«gttaW*«Jfc*- 

mOTfctiit^iU^. £O*±M?L@^0. 4 
xtmSriSISi;, m3R#WE*fi9&afc &9^< , if)* 
#£tt^*f<D3g^ "5 ( SB*) jWtoWSTf l.off4L<i± 
0. 2junaaTt^&. 40 
[00 34] 4fc^ttv^*«H«5fefc:«a6awni: LT 
iS«rt-4«dJH7C*i: LTli, Y, Ho, Er, Yb, 
La, Sc, Pr, Ce, Nd, Dy, Sm, Gd&i; 

[0035] jjE«BSi8m<oasai*i4, mftmm.-cm 
mmmzMLx 2-10 »A%<7>iEiifc . z <Dmm 50 
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3-811%tfl>;fc^IiLV\ 

[0036] a *SMBctsv^jfiams*fc txmm 

«MgAl 2 0 4 Xt°^/N4, Rffc-f -y h WJ±mcD 

^±mmitm t mzmmn mmmv^ t scm i x im 
j^msi^&vimii^mb lth^u 1 6 o o°c 

[0037] _hlBM g A 1 2 0 4 XtT*7K?5ft0fc:iWt 

•7^"4->"7a (Mgo ) tmikT!i-$.—iyj± ( A 1 2 O 
3 ) t<DMizfaimmLtzm£iztiuxi>mm%ftmm 

[0038] A 1 2 Os tO^JnSii, 2— 5«i 

%commt $ix^„ ?SSlI*j& 1 "2®*%*p-C{4^iBfr<7) 

•awb&cp-Hi-'c* h —^5 . 5 mm.% * & * * ± $ izm 

[0039] *fc*^fc#vvc»fliuac#i: ttffiffli" 

sMtftv^ (sion ^ihmmz&^xm&zm. 
-tzmmzm-z tth^ s i 3 n 4 ^^ofttfss 

[0040] i«o*fl;m^lf«J6ftabii* l 

l-l OWJ^^JBHfcSiLi**, »*t<«43-7M 

[004 1 ] IM&Btttm^Miamt fiMbifi 

[0042] S^^BBtfeUTffioasJP^i: LT, 
Ti, Hf, Zr, W, Mo, Ta, Nb, Cr^.i 
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itm, mm. mm. mmtLxsw*. 
xaT^mmx-mm-ti . ^ix^it^mt. ±is#± 
mjm^m&\mmt Lxnmrnzim-t&kmz, m 

4H«aifl5waMfi**Ls i 3 n 4 m&fccDmmm&z 

|ftF±$'&&5L^Tft l 5, «fts Ti , Zr, HfiO-ffr^ 

[0043] £fc±fBT i , Z r , H f m^t^MiM 
[0044] S^mft^mfL^iiWltffifi^WOlg^ 

•9*^*3 itPtttf 3£JKfc*;# < fc«> l . o %a 

[0045] ttmteto&mmmmttimr&sik 

O^SftCTL M g A 1 2 O4 XWMittiMgOtA 

12 o 3 fcoM-^fls. Mtm^*, ^m^-fy^^ 
mku mzn^fttzmwM-sftzmmLxmimvin 30 

[0046] M^my°vxmxmm^mi-^>%^ 

*»lR-r&fcftfc:(±, JBHa^ttKOjSJgffift* 1 2 0M 

p aja±fc»j&*-* ; t . zntfaffiftifi 

fi^tL^vLK, +4N=^fcja6je»fc$rO*W\ ?7 40 
[0047] JJEfi#ffltf>**LfcflBW (filWaJ) l£K 
ttaWSTLT ti 3 . jaBBffifc* 2 0 0MP a£ 

±fEfi^EE*ii 12 0 — 20 0 MP acDiEH^' 

[0048] JJElSJBSWPtgiSR^T , Ji»E?tt£#« 
^tt»fflM+T^6 0 0 — 8 0 0°C, tfcJi^M+T- 50 
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?JLK4 0 0 — 5 0 0X;tM — 2B#iaaiflfiLT, W>3sDH 

[0049] »:tBUi«!as*ifejjeiw*cta*^rx. * 
-ftttSHM^-c- 1600 o ctiT(7)?aKr o . 5 ~ i o m 

lis JJHSUlUfflBBS, #«y H I P*PRrif# 

[0050] tfz±mmm. m^tifzmim^mmm 

mzn U §^tc30MP aUh<^H!Mbtt»iB«+-C 
1 6 0 0°COTT^ra^*J±7"^X (HIP) MSI 

- 1 1 i o . s^w»«ojaat***BSft^) 
[0051] iMmmzx-yxmrnztitzmim^mm 

1 . 0 %iilT, skkMll&tf 0.4// mJilTT* 0 . 4 
fcHjftfttfSMb^ftiftr 9 0 0 M P a ELL t «fifiW#l± 

[0052] 43t, ffl9aue**2 oosiPaEU:, mm 

Httffi#6 . 3MPa ■ mi / 2 JJLLT'afe M-fCftV « 

[0053] *f^tffi4H»E|«tt8WftiJ:V'e«IBi 
*ffit;J;fL«\ 3tSM^#±«7U«, MgA 1 2 0 4 x 

a^Bi. mm^m, n, at, zr, ^<oft^** 
nxw^mm&m&izmtx . mitmmmk, mz 

[0054] ^ = ^-^> t . *SS*t=ffi*WW6ttaWT 

sot, a-ffctt^ateftfifrPEttrti o?fM$ti§ 3fi 
^*vj^ < 4 o ewa<o«*/h§ < -rs z t &xz & <?> 

X'foh, 

[00 5 5 ] tfz. MlS^SSr 1 6 0 0X&1T b1&<-t 
&Z\bl/Zi. 0, «BS^tJgj«Sii4a-!MH<0B*/jNS < 

mm-h (&tzte*fxtLx3tk*>i-'\ffimzti&) ztz 

ffi±LX^hZ\tfrt>, l»»J S tlT s^m 
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[0056] 

•tmmtim Lxmwmzmm-t& . 

[00 57] 

Hffi^J 1 i: LT. BSKS# 1 . 3 nm%X'b 0 , a fflS 
S-ftftV #9 7 % £#tf 0 . 5 5 mCO S i 3 10 

N 4 (Sftttv*) EIW&*8 6«tt%fc:, mffi^Jt 

A) mm%5WM%t. WBSO. 5//m«MgAl 
2 0 4 XW;P«*5 BS% 2: , 0 . 8 ju m CO 

/3fgMs i c (K-ffcrn*) *5ns.%t. ^mm 

0. 6 J um»Zr0 2 dWfc> f ;l'3— l*t 

*%*aanu ^jvTJvn-jv^-cm&mfct lts 

m L X MMM&ifc Sr MM L tz . 
[00 58] &fc»6;h^fifl»5f5»^fctf»''W > 20 
^EfrSfeKfSfiD Liffl^jiS*^ L/£CD*> . 1 3 0 M P a 

<mmE3iX'?\s x$m l „ ft(f3SJKS0Sffl^>-r;v t 

LT 5 OmmX 5 OmmXf^ 5 mmCDtftMfab , Se^' 
O^llSffl-lf^r/kt LTE@8 OmmX.JI? 6 mm 

OTWSS^^fcfcUT 4WrHTOML7^CD^ 0. 7 
M P a OSS^SHfWfcTjjgLg 1 5 5 0 TT 6 B#PeU 

m&Lxnmmizmmmnmmfommmmvktfttt 

[00 59] — HJ6#iJ 1 -^iJ>*tfi*H6*fc» LT 30 
ffi|f^^3JffljR+"C£fcb 1 0 0 M P a iZXmS. 15 0 0 
°CT1 i«BBi«-r4S»iaiB*£Er^^ (HIP)MI 

[0 0 6 0] ifc, HS6M3LLT. MgA 1 2 0 4 X 
t° *;^5f5COft§ t LT ¥±Mi@ 0. 5/xm(?)MgO 

(iwt^^^A) i . <5itA%t¥mim 

0. 8^m«Al 2 03 (K-ffcT^S—^A) *>&5fc£ 

3 . 5 «*% fc *ssaw Lfejsjawdjt*« 2 t 
■cjoa-r* i 1 1 i o mmm 3 tft-ssMism 40 

[00 6 1 ] irMgffJ 1—4 

[00 62] Jt3KW2 fc LTitW^J 1 Ti#£>*Ut 

0EHr#£a%l 5 0 0*OZ>S*;«r.XSH$t«f»"Cl 0 0M 

£f§HBLJt. 50 
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[0063] S^fcitRWafcLT, MgA 1 2 0 4 X 
e^/l#*Hftit¥»0. 8jumOAl2 0 3 » 

Lfz. 

[0064] § fefc, Jtf£M4 fc LTffi**^' 1.7* 

*%rs> d , affl»nw*£ 9 1 

i . 5/xm«si 3 n 4 (ffiftttv^*) mtm^zmm 

Lfz&M9Hmmm2 1 m-^xmmi-h z. t tzx o 

JHRW4 fcffi £ ffifcltv «»B0fgttgPW^i)l» Lfc . 
[006 5] Zd LT»^^#SQtWtiJ:^JtRWfc: 

KCfiSCfc: i & WEWBtt<tt4s it<R*« 0 *firt MS tT^ 
[ 0 0 6 6 ] $r*s, SHSflaO£ffL«±T/l^*T*i£fc: 

1 OO/imX 1 0 0//mSrfiK«0 3flaBfjelRLSEM^ 

<mxmst (M5o o ofsisffi) ti oast. 

[0067] 4fc. a^(t^«'MIS*^Oi«««Wfg^ 

¥%ffit±«i^ffiif «o 2 o wmizis ft § tsco¥%ffi t 

[ 0 0 6 8 ] £nB . S E M^Otfi^HTflHS-r t . 

E P M A tcT#4Jl7C*«#ft^ Stfg-f-l. t ifc±Wj€m 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an abrasion resistant member having a 
high strength, high toughness properties and particularly good rolling properties, 
and to provide a method for producing the same. 

SOLUTION: A silicon nitride abrasion resistant member is characterized in that 
it is made of a silicon nitride sintered body containing rare-earth elements 2-10 
mass% expressed in terms of oxide as sintering aids, MgA1204 spinel 2-7 mass%, 
silicon carbide 1-10 mass%, and at least one selected from the group consisting of 
Ti, Zr, Hf, W, Mo, Ta, Nb and Cr 5 mass% or less expressed in terms of oxide, and 
having a porosity of 1% or less, a three-point bending strength of 900 MPa or 
more, and a fracture toughness of 6.3 MPa.ml/2 or more. Similar effect can be 
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obtained by replacing the MgA1204 spinel with a mixture of MgO and A1203. 
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